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Experimental Results that the fenomagnetic fihiis in these oblong-shaped regions 

An AF-coupled structure of CoPtCrB/Co/Ru/Co/ are ferromagnetically coupled. The light and dark contrast 

CoPtCrB was prepared on a SO nm Cr metal substrate. The lines on the long edges of the oblong-shaped regions origi- 

ferromagnetic films of CoPtCrB were Co63pti2Cr2o alloy nate from magnetic transitions between the lop (or bottom) 
doped with 5 atomic percent (at, %) B. The lower CbPtCrB ^ ferromagnetic fihn in the non-irradiated AF-coupled regions 

film was 10 nm thick and the upper CoPlOB film was 5 mn. . and the ferromagnetically coupled films in the oblong- 

The two ferromagnetic films were interleaved with a Go(0.5 shaped irradiated regions. 

mn)/Ru(0.6 nm)/Co(0.5 nm) trilayer that coupled the CoP- The two bit states in the recording media according to the 

tCrB films antuenomagnetically so their moments were present invention, wherein the magnetic field strength above 

oriented antiparallcL The thickness of the CoPtCrB films the disk at the height where the recording head is located is 

was chosen such that there would be essentiallv zero ma^- lo essentially equal for the two films 24, 22, are depicted 

netic field at a predetermined distance above the magnetic schematically in FIGS. 4A-4B. The magnetic transition 

layer. This distance is the height above the disk where the regions are designated 80, 82. In FIG. 4A, only the transi- 

read head is located (i.e., the nominal flying height of the tions between the top fihn magnetic states, 70-72 and 

read head). Since the upper fihn 22 (see FIG. 1) is closer to 72-74, contribute to the signal SI because the bottom fihn 

the read head, the field from it will be higher than the field magnetic states, 71-73 and 73-75, do not have magnetic 

&om the lower film 24. Thus the thickness of lower fihn 24 transitions m the regions 80, 82. In FIG. 4B only the 

is made thicker to compensate and make the net field trammons between the bottom fihn^^ 

essentially zero at the head. ^ ^ ^^^a h ^ 

Hie magnetization of this structure was then measured "IaT 

«__r_* t 1-j ^ transitions m the regions 80, 82. In FIG. 4A the magneti- 

Tt " ^" » t T^'^^uE^^^T 20 zation of the lop feSomagnctic film 22 of the AF^^ed 

fields. A very high magoeUc field (e.g 8 kOe) suffcient to „o„.i„3diated regions 70^4 are oppositely aligned with the 

overcome the antiferronaagneUc oouphng of the two feno- ^.i^atioD in the ferromagnetic irradiatediigion 72-73, 

magnetic fihns was first applied m the negative d^ection j^^g to a typical magneUc field profile as indiSted by SI. 

and the Kerr data showed ibM the ferroma^ettc fita^ had ^his represente one witten state, a "1". Conversely, the 

'^"^'^r^'^^^'^irVlV^^A^^^'^^'^: Otherwrittenstate,a"0",isac«)mplishedbyapplyingafield 

Hon. -nie field was then reduced and the Keir data showed « fl« coercivily of the fenomagneticre^on 72-73 

one of the ferromapieUc fitos switchmg magneUzation ^^^^^ ^i,^ ^ AF^upling field ^ween Ae lop and 

direction, near the field fenglh Uiat woidd correspond to fte ^ ^ 74-7Si^1i^ AF-«mpM regio^ In 

antiferromagnetic «,uphng field, so that the feiTomi«neUc ^ ^ ^ ferromagnetic region 7^73 switdtes its 

films then had their moinents abgned ant^araUel. As ^c „,agnetotionaKlaUgnspialleltotfietopfilms70.74.An 
field passed tough zero toward a p^tive^ 30 i„vSted signal S2 is tKulL The signals SI (FIG. 4A)aiid 

fenoma^etic film moments remamed antiparallel untd the s2 (FIG. 4B) depicted above the ti^tion regions 80. 82 

positive field exceeded the antifenoinagneUc couphngfield, shoW that wWle L signs of the signals fiom tli transitions 

at whidi point the ferromagnetic fihn momen^ became ^ ^ ^ an^Bhules are tte same, regardless of the 

onentedparaUel to one another^ ^ tnSisitions. This is becau^ each of the 
appbed field direction Thus the Kerr data showed that this 35 fe^„,g^ films 22, 24 is designed to have a magnetic 

^"^fi^^l"^ .IT^""*?^- • . ^ momeol^ that the fickfom the films, as delected It the 

Next, this structure was bombarded with N+ ions at a dose ^ *u^,,^ 'vy f»^u^, a-. 

of 2x10^* ions/cm^ at 700 keV energy. When the structure »»« «me. «ven though film 22 is farther fiom the 

tf^ '^u^ same range of external alternative embodiment were used, where Mr.t,- 

apphed field the Kerr data showed no AF-»u^^ Mr^t^ so that the layer 20 has substantially zero net magnetic 

fenomagneuc Oms. Instead tfie strurture behaved lie a then SI ind S2 wookl have d^erent amplitades. 

"^.'u i^"*^ J" ^'^^ ion bombard- ^ because the two films 22. 24 would then bave the 

ment had destroyed the antiferromagneuc couphng across ^ moments, but fihn 24 is fiirther fiom the 

^ Ru spacer fihn One can thus include that lie ion ^ fiom the transitions in lower film 

bombaitoent had<hsruptedthe mteifacetetween the 24 would have a ^er ampHtnde than the signal SI. 

^acer fito and the ferromagnetic films a»dmterin«ed t^^ 45 ^ ^ ^^^^^^ partiXly shown 

Ru with the adjacent fertoma^etic fitos. T^estractnre had ^ described with reference to Ihe prefelred embodiments, 

full remanence and a coercivity of about 1500 Oe^ .^^^^ miderstood by those skiUed in the art that various 

Patterning of ttas same type of AF-oouplcd stoucture was ^ be made without departing 

toen demonstrated usmg N+ 10ns. A 10^10/«n area of ^J^^^ ^ invention 

this stnKturev/as exposed to a dose of 6x10^ kV""'""^""^ Accordingly, the disclosed invention is to be considered 

airough a Si stencil made witfi micron size oblong^aped ^^^j j/^^ve and limited in scope only as specified 

holes. After pattermngt the str^^ in the appended claims, 

with a large magnetic field (20 kOe) in one direction. This What daimed is: 

field strength is sufficient to align the magnetization of the ^ . ^ 

non-inadiated regions and toWroomelhe AF-coupling 55 '^^'^ t^^^oidmg medium oompnsmg: 

field in the non-irradiated regions so that the magnetizations ^ ^' 

of the ferromagnetic fihns in the ncm-irradiated regions are » magnetic layer on the substrate and comprising a first 

aUgned parallel to one another and to the applied field. This ferromagnetic film, a second ferromagnetic fihn, and a 

field was then removed, whidi caused the two ferromagnetic nonfenromagnetic fihn between the first and second 

fihns in the non-irradiated regions to become AF-coupled. feiromagnctic fihn^ and 

Next, a field of 2 kOe was appUed in the opposite direction. ^ wherem the magnetic hyer is patterned mto first 

This 2 kOe field is less than the AF-coupKng field of the r^ns wth the first and second ferromagnetic films 

non-irradiated regions but large enough to switch the mag- being antiferromagnetically coupled across the non- 

netization direction of the ferromagnetically coupled films in ferromagpetic film, and second regions with the first 

the irradiated regions only. FIG. 3 is a magnetic force and second ferromagnetic films being fenomagneti- 

microscopy (MFM) image of the patterned structure, with 65 cally coiq)led. 

the oblong-shaped regions being the irradiated regions 2. The medium of claim 1 wherein the first ferromagnetic 

where the Ru spacer fUhn in the structuie was disrupted so film in the first regions has a thidmess tl and a magqetiza- 
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tioD Ml, the second feiromagDetic film io the first regions 
has a thickness t2 and a magnetization M2, and wherein the 
magnetic moment per unit area (M2xt2) is greater than the 
magnetic moment per unit area (Mlxtl), whereby the mag- 
netic field from the first regions is essentially zero at a 
predetermined distance above the magnetic layer. 

3. The medium of claim 2 wherein the first and second 
ferromagnetic films are formed of substantially the same 
material, and wherein t2 is greater than tl. 

4. The medium of claim 1 wherein the nonfenomagnetic 
film is formed of a material selected from the group con- 
sisting of ruthenium (Ru), chromium (Cr), rhodium (Rh), 
iridium (Ir), copper (Cu), and their alloys. 

5. The medium of claim 1 wherein the first and second 
ferromagnetic films are made of a material selected from the 
group consisting of Co, Fe, Ni, and their aUoys. 

6. The medium of claim 1 wherein the first ferromagnetic 
film includes an interface film consisting essentially of 
cobalt located at the interface of the first ferromagnetic film 
and the nonferromagnetic film. 

7. The medium of claim 1 wherein the second ferromag- 
netic film includes an interface film consisting essentially of 
cobalt located at the interface of the second ferromagnetic 
film and the nonferromagnetic film. 

8. The medium of claim 1 further comprising a nonfer- 
romagnetic underlayer located on the substrate between the 
substrate and the magnetic layer. 

9. The medium of claim 1 further comprising a jvotective 
overcoat formed over the magnetic layer. 

10. A magnetic recordiiig disk ooniprisiiig: 
a substrate; 

a DonfecTomagnetic underlayer on the substrate; 

a magnetic reoording layer on the underlayer and com- 
prising a first cobalt alloy ferromagnetic film, a non- 
fenomagDctic i^cer film of a material selected from 



the group consisting of ruthenium (Ru), chromium 
(Cr), rhodium (Rh), iridium (Ir), copper (Cu), and their 
alloys formed on and in contact with the first ferro- 
magnetic film, and a second cobalt alloy ferromagnetic 
film formed on and in contact with the spacer film, the 
magnetic recording layer being patterned into first 
regions wherein the spacer film has a thickness suffi- 
cient to induce the second ferromagnetic film to be 
exchange coupled antiferromagnetically to the first 
ferromagnetic film across the spacer film and second 
regions wherein the first and second ferromagnetic 
films are not, antiferromagnetically coiq)led, whereby 
said second regions produce a magnetic field a prede- 
termined distance above the magnetic layer that is 
greater than the magnetic field from said first regions; 
and 

a protective overcoat formed on the magnetic recording 
layer. 

11. The disk of claim 10 iM^erein the first and second 
ferromagnetic films of the magnetic reoordii^ layer are 
formed of substantially the same material. 

12. Tlie disk of claim 10 wherein the first and second 
ferromagnetic films of the magnetic reoording layer are 
made of a material selected from the group consistir^ of Co, 
Fe, Ni, and their alloys. 

13. The disk of claim 10 wherein the first ferromagnetic 
film of the recording layer includes an interface film con- 
sisting essentially of cobalt located at the interface of the 
first ferromagnetic fikn and the spacer film. 

14. The disk of claim 10 wherein the second ferromag- 
30 netic film of the recording layer includes an interface film 

consisting essentially of cobalt located at the interface of the 
second ferromagnetic film and the spacer film. 
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